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^ , Abstract. A comprehensive set of all available magni- 
t*< ' tudes, colors and redshifts for optically identified QSO 
. absorbers is compiled from the literature. This results in a 
\& ' largely unbiased sample of galaxies at high redshifts, the 
,— ' . size of the sample being reasonably large to allow for a 
first comparison with galaxy evolution models. We use our 
evolutionary spectral synthesis models describing various 
spectral types of galaxies with appropriate star formation 
histories. 

For a standard cosmology Ho = 50 km s _1 Mpc -1 , 
fio = 1, we find that all identified QSO absorbers up to 
a redshift ~ 2 do fall within the evolving range of models 
which had been shown earlier to give good agreement with 
nearby galaxies of various spectral types. 

The most striking result is that all spectral types 
of galaxies from E through Sd seem to be present in this 
absorber candidate sample with the bulk of the objects 
being spirals of type Sa to Sc. 

We also show that such kind of high redshift galaxy 
sample should allow for significant restrictions of the cos- 
mological parameters. While models with Ho = 50 km s _1 
Mpc , flo = 1 and any redshift of galaxy formation Zf orm 
= 5 ... 10 give reasonable agreement with observed lumi- 
nosities and colors, present data seem to exclude the com- 
bination Ho = 50 km s _1 Mpc" 1 , f2o = 0.1. A low fio 
together with a value of Hq > 50 might still be viable. 
Additional data, and in particular observations of absorb- 
ing galaxies in more than one passband, are required for 
further constraints. We realize that the present results de- 
pend on the adopted evolutionary models and on the input 
physics used which might be better constrained by future 
observations. 

Key words: Galaxies: evolution - Quasars: absorption 
lines - absorption line systems: Optical identification 
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1. Introduction 

Among others, absorption lines from the doublets of Mgll 
and ClV, damped Lyman a lines (hereafter DLA), and Ly- 
man Limit Systems (hereafter LLS) are seen in the spec- 
tra of quasars. By now, interpretations seem to converge 
to the view that the Mgll and ClV doublets arise in ex- 
tended gaseous halos of intervening galaxies, while DLA's 
are formed in (proto -) galactic disks (Steidel, 1993). 

This picture remained hypothetical until the QSO ab- 
sorbers, i.e. the galaxies causing the absorption lines were 
actually detected. Pioneering work in the optical was done 
by Bergeron & Boisse (1991). By now, there are more than 
a dozen of publications reporting on optical identifications 
of QSO absorber systems. Their number increases rapidly. 
We have compiled all relevant data available to us. Infor- 
mation about the data we use is given in §3 and the sources 
from which our data are drawn are briefly reported in the 
appendix 1 . 

A sample of optically identified QSO absorbers has, at 
least, two advantages over others, e.g. magnitude limited 
samples, (i) it is scarcely biased to selection effects with 
respect to luminosity, surface brightness, radio emission, 
etc. (cf. Steidel et al. 1993, Steidel 1995) and (ii) it gives 
access to galaxies with high redshifts. 

This paper is a first attempt to compare a compre- 
hensive set of magnitudes and colors of optically identi- 
fied QSO absorbers and absorber candidates with galaxy 
evolution models. Models are briefly described in §2. The 
aim of this study is first to investigate the properties of 
this QSO absorbing galaxy sample (cf. §4) and, second, to 
show that this kind of high redshift galaxy sample should 
allow for serious restrictions of cosmological parameters 
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(§4.3). We discuss some problems in §5 and outline future 
prospects in §6. §7 summarizes our conclusions. 

2. Models of galaxy evolution 

Here, we only give a brief outline of our galaxy evolu- 
tion models, which have been described in detail earlier 
by Fritze - von Alvenslcben (1989), Kruger et al. (1991) 
and Fritze - von Alvensleben & Gerhard (1994). 

2.1. General description of models 

Starting from an initial gas cloud stars are formed con- 
tinuously in a 1-zone model according to a given star for- 
mation law. The distribution of the total astrated mass to 
discrete stellar masses in the range 0.04 Mq ... 85 Mq is 
described by a Scalo (1986) IMF. 

Using recent stellar evolutionary tracks for solar metal- 
licity from the Geneva group (Maeder, 1991), the pop- 
ulation of the HRD is calculated as a function of time. 
Synthetic galaxy spectra are obtained by assigning stel- 
lar spectral types and luminosity classes to some 40 cells 
in the HRD and by superimposing observed stellar spec- 
tra from Gunn & Stryker's (1983) library weighted by the 
number of stars present in each cell at a given time. Con- 
volution of synthetic galaxy spectra with filter functions 
yields absolute magnitudes and colors of the model galax- 
ies. 

Basic parameters of this kind of models are the ini- 
tial mass function (hereafter IMF) and the star forma- 
tion (hereafter SF) laws. For galaxies of various spectral 
types, we use different paramctrisations of their SF histo- 
ries following Sandage (1986). While an elliptical galaxy 
is described by a SF rate declining exponentially in time 
with a characteristic time scale of 1 Gyr, the SF rate in 
spiral galaxies is a linear function of the gas content with 
characteristic time scales ranging from 1, 2, 3, 10 to 16 
Gyr for SO, Sa, Sb, Sc and Sd, respectively. Gas recycling 
due to stellar winds, supernovae and planetary nebula is 
consistently taken into account. 

These SF laws together with a Scalo IMF have been 
shown to give good agreement with observations of the 
respective galaxy types in the Virgo cluster and in the 
field in terms of broad band colors UBVRI, gaseous emis- 
sion lines, M/L ratios, gas content, etc. (Fritze - von Al- 
vensleben 1989, Kruger et al. 1991 & 1995, Fritze - von 
Alvensleben & Gerhard (1994). Furthermore, we find de- 
tailed agreement with Kcnnicutt's (1992) template galaxy 
spectra for the various Hubble types. 

For comparable characteristic time scales in the SF 
laws, the time evolution of our model galaxies agrees to 
within 0.1 mag with Bruzual & Chariot's (1993) mod- 
els which are based on slightly different stellar evolution 
tracks. Except for very early phases [z > 1) we obtain 
somewhat bluer colors at the largest wavelengths. 



It should be stressed that in our context the different 
Hubble types of galaxies as described by their respec- 
tive SF laws are meant to be spectral types rather than 
morphological types. Only for nearby galaxies the corre- 
spondence between morphological types and spectroscopic 
types has been shown, it remains to be investigated for 
high redshift galaxies. We have also studied the chemical 
evolution of individual elements in the interstellar medium 
(hereafter ISM) for these same SF laws and found satis- 
factory agreement with observations of Mgll- and ClV- 
systems (Fritze - von Alvensleben et al. 1989 & 1991) and 
with abundances derived for DLA systems as well (Fritze 
- von Alvensleben 1994) over a redshift range < z < 4 
for a Scalo-IMF. 

It is clear, however, that all the results presented be- 
low depend quantitatively on our specific models. Should 
future observational evidence impose changes, e.g. in the 
IMF, the SF laws, or in the stellar input tracks, our con- 
clusions may have to be modified appropriately. 

To transform time dependent absolute magnitudes into 
observable apparent magnitudes m\{z) as a function of 
redshift a cosmological model has to be specified. Here, we 
adopt a Friedmann-Lemaitre model with vanishing cos- 
mological constant (Ao = 0), so Ho and f^o (= 2go in the 
case of A = 0) are the cosmological parameters together 
with the redshift Zf or m where star formation in our model 
galaxies is assumed to start. 

The relation between redshift and time is given by 
the standard formula for the Hubble-time Th(z, Ho,Qq). 
Then, for given (iJ ,^o) the age of a galaxy formed at 
redshift Zf orm is calculated from 

tgai(z) = T H (z) - T H (Zf orm ). 
The relation between redshift and distance is given by the 
standard formula for the luminosity distance Dl(z, H , f2 ) 
which is used to calculate the bolometric distance modulus 

BDM(z) = 5 log(L» L ) + 25. 

Finally, the observable apparent magnitude at a wave- 
length (filter band) A writes 

m x {z) = BDM(z) + k x (z) + e x {z) + M x (0,t ) 

with t = tg a i (z = 0) . The evolutionary correction 

e x (z) := M x {z,t gal (z)) - M x {z,t ) 

takes into account the variation of the galaxy spectrum 
with time. The cosmological correction 

k x (z) := M x {z,t ) - M x (0,t ) 

accounts for the influence of the expansion of the Universe. 

It is important to stress that both the evolutionary and 
cosmological corrections do not only depend on the cos- 
mological parameters but also on the spectral type of the 
galaxies (cf. also Rocca-Volmerange & Guiderdoni, 1988). 
Before red-shifting our model galaxies, we calibrate their 
absolute magnitudes Mb to mean luminosities of galax- 
ies in the Virgo cluster as determined by Sandage et al. 
(1985a, 1985b) for the various Hubble types. 
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2.2. Implications from models 

For this paper, apparent magnitudes as a function of red- 
shift are calculated from our models for two different pho- 
tometric systems. Results of our models for Johnson R 
and Thuan & Gunn r are presented in Figure 1. Late type 
galaxies (Sd) not only are significantly fainter than mean 
early type galaxies (E) at low redshift, but they get fainter 
with increasing redshift more rapidly than those. This is 
the reason why in magnitude limited optical samples late 
type galaxies with redshifts z > 0.5 are very rare. 



We adopt a redshift of galaxy formation Zf olm = 5 
throughout this investigation. Smaller values seem to con- 
tradict observations of very high redshift galaxies (pre- 
dominantly radio galaxies), and for a larger Zf mm the dif- 
ferences in evolution time for the redshift range 0.2 < z < 
2 are very small and thus do not influence the results con- 
siderably. Previous work (Guiderdoni, 1986 and Fritze v. 
- Alvensleben, 1989) also shows that differences in the re- 
sults using Zform = 5 and Zf olm — 10 are negligible in the 
redshift range 0.2 < z < 2. 
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Fig. 1. Results from galaxy evolution models with cosmolog- 
ical parameters Ho = 50 km s~ x Mpc^ 1 and firj = 1 using 
two different filter response functions: Johnson R and Thuan 
& Gunn r. Thuan & Gunn r(z) curves are marked with small 
filled circles. The luminosity range of the various galaxy types 
as derived from their luminosity functions is indicated in the 
lower right corner 

The redshift evolution of apparent magnitudes for E 
and Sd models confine the range of normal galaxies from 
the upper and lower luminosity limit. In an analogous way, 
the color evolution with redshift of our E and Sd models 
bracket the color range of normal galaxies from the red 
and blue, respectively. Observational data are expected to 
somewhere fall within the region between our E and Sd 
models. In the lower right corner of Figure 1 we indicate 
the luminosity range of ±o\r for galaxies of various Hub- 
ble types as derived from Sandage's (1985a&b) luminosity 
functions. 

Figure 1 also shows that over the redshift range from 
0.2 to 2 the difference between Johnson's R and Thuan & 
Gunn's r is approximately constant, r — R ~ 0.4, indepen- 
dent of the spectral type. 

We find considerable differences in these results for 
various cosmological parameters H and flo- This is shown 
in Figure 4 and discussed in §4.3. 



3. Data about optically identified QSO absorbers 

We have compiled from the literature all available data on 
observations of optically identified QSO absorption sys- 
tems. Data have been collected from 17 different publi- 
cations, details which are important for our purposes are 
summarized in the appendix (electronically published) . A 
brief overview with the most relevant data for our current 
investigation is given in Table 1 and is detailed in §3.1. 

These data from various authors are very inhomoge- 
ncous making the comparison between various data sets 
as well with results from model calculation rather difficult. 

In this work we confine ourselves to the interpretation 
of magnitudes and colors of the high redshift galaxy sam- 
ple detected in search for QSO absorbers. A detailed inves- 
tigation of individual absorbers, also combining chemical 
information (e.g. column densities, ionisation state, etc.) 
derived from the absorber imprint on the QSO spectrum 
with spectrophotometric information obtained for the op- 
tically identified absorber will be the subject of a forth- 
coming paper. 

In the following subsections data on apparent mag- 
nitudes and redshifts for absorbing galaxies observed by 
various authors are discussed in more detail. 

3.1. Overview 

Table 1 gives a brief overview on published observations of 
optically identified QSO absorber systems. Each record in 
the Table is labeled with a number we refer to in the text 
and Figures (column 1). In column (2) we give the author's 
name and in column (3) the type of absorption system is 
indicated. The records in the Table are in chronological 
order. In the next three columns, we list the numbers of 
observed QSO fields (4), of detected absorption systems 

(5) , and of spectroscopically measured galaxy redshifts 

(6) . In the remaining columns the numbers of apparent 
magnitudes determined using Thuan & Gunn (1976) fil- 
ters g (7), r (8), i (9) and Johnson (1966) filters V (10), 
R (11), K (12), are given. The last column (13) contains 
some remarks on the specific passbands (filters) used by 
the authors. 

Note that some objects are counted more than once 
in Table 1, i.e. they may be cited by various authors or 



4 



U. Lindner et al: Optically identified QSO absorber systems and galaxy evolution 



Table 1. Published observations of optically identified QSO absorbers (cf. §3.1.): Number of QSO fields being investi- 
gated, number of absorber systems (column "z a b s "), number of spectroscopically measured galaxy redshifts (z ga i) and 
apparent magnitudes (Thuan/Gunn, Johnson or others) in the literature 
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Notes: ^ Z a b s > 14: For some absorption systems no galaxy was found. ' For 14 from the 37 objects only lower limits arc given. Confirming 
spectroscopy for 8 galaxy redshifts is taken from Yanny (1990). 3 ) Diverse absorber systems (Lya, ClV and Mgll) have been observed. 
4 ) An absorption system will be searched for the dwarf galaxy ( cf. appendix 13) ). 5 ) Mean value from multiple absorption systems was 
taken ( cf. appendix 14) ). 



else, a specific galaxy can be a possible absorber candidate 
to more than one absorption system. This means that the 
number of physically different objects is somewhat smaller 
than the total number of objects in Table 1. 

3.2. Redshift data 

In column (5) of Table 1 we list the number of absorption 
systems in the respective QSO spectrum and in column (6) 
the number of spectroscopically measured galaxy redshifts 
is given. Usually more than one absorption line system is 
known for a single QSO spectrum. Thus in many cases the 
number of absorption redshifts is larger than the number 
of QSO fields being investigated. 

Zero values in column (6) (7 occurrences in Table 1) in- 
dicate investigations without spectroscopically measured 
redshifts. In these cases statistical methods are used to 
identify the most probable absorber candidate from the 
image of the QSO environment. Often more than one 
galaxy are possible candidates for a given absorption line 
redshift z a b s . 

Less galaxy redshifts than absorption systems reported 
in Table 1 means that spectroscopy was not done for all 



possible absorber galaxies or that no galaxy was found at 
the appropriate redshift. If the number of galaxy redshifts 
(column "zg a i") is larger than that of absorber redshifts 
(column "z a b s ") more than one absorber candidate was 
investigated spectroscopically. In this case some galaxies 
with Zg a i 7^ z a bs arc in the sample which are not absorbers. 
Otherwise, i.e. if z ga i = z a b s for more galaxies than absorp- 
tion line systems, two ore more galaxies could cause the 
absorption indicating a small group of galaxies or remote 
parts of a cluster in the line of sight to the QSO. 



Spectroscopic redshifts are of course the most reliable 
data, but such measurements are not always available and 
then redshifts are inferred from the assumption that the 
galaxy in the field closest to the QSO gives rise to the ab- 
sorption line system observed at z a b s and thus the redshift 
is as uncertain as the absorber identification. Therefore we 
use two different "reliability classes" for all m(z) data dis- 
tinguishing between galaxies with spectroscopically con- 
firmed redshifts (filled symbols in Figures 2-4) and 
possible candidates without spectroscopic redshift confir- 
mation (open symbols in Figures 2-4). 
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3.3. Apparent magnitudes 

Table 1 shows that the set of apparent magnitudes mea- 
sured for optically identified absorbing galaxies is ex- 
tremely inhomogeneous. This is a crucial problem for the 
comparison of Johnson R and Thuan & Gunn r magni- 
tudes are most widely used (altogether 204 occurrences in 
Table 1), measurements in other passbands are rarer (56 
g- 16 i- 9 V-, 22 K-magnitudes). 

Even more scarce is information about colors, i.e. mea- 
surements in more than one photometric band. 9 (V — r), 
6 (r - Gi), 6 (g - i) AB , 6 (g-1Z AB ), 7 (TZ-i) AB , 7 (g - r), 
10 (R — K) and 2 (Jab — K s ) colors are given or can be 
derived from available magnitudes. Observations in more 
than one passband are emphasized by bold numerals in 
Table 1. Some authors give one apparent magnitude and 
one color, then the second magnitude is derived from the 
color. 

As shown in Figure 1 and discussed in §2.2. we may 
safely adopt the relation r — R ~ 0.4 to transform all 
r band observations to Johnson's R for the purpose of 
comparison with our galaxy evolution models. However, 
relations of this kind cannot be generalized because they 
depend not only on the shape of the filter response func- 
tion but also on the specific galaxy spectrum. Transfor- 
mations from one photometric system into another as e.g. 
given in Landolt-Bornstcin VI/2b (1982) cannot be used 
at redshifts ^ for the same reason. 

More troubling than the great variety of filter systems 
is the fact that some authors do not give detailed informa- 
tion on the photometric system they use. We adopt Gunn 
r if "r band" , "r" , "m r " or "m(r)" is mentioned in the text 
(cf. also column (13) in Table 1) and Johnson R in case of 
"R" or 'W. 

Some investigators give maximum transmission wave- 
length A and FWHM AA of the filter they use. For in- 
stance, Steidel et al. throughout use a red filter named 1Z 
characterized by A — 6930 and AA = 1500 (e.g. Steidel 
& Dickinson, 1992). Steidel & Hamilton (1993) plot the 
filter response function of their (U n , G, 7Z) photometric 
system and argue that 7Z is close to the original Johnson 
R. Thus we adopt the rough approximation 1Z ~ R to 
include Steidel et al.'s data in our compilation. 

With the appropriate filter functions our synthetic 
galaxy spectra can easily be convolved to give magnitudes 
in any photometric system. This will be done in a forth- 
coming paper investigating individual objects in more de- 
tail. 

Some authors (cf. Table 1) use AB magnitudes as es- 
tablished by Oke & Gunn (1983). According to Lilly et 
al. (1991) who give approximate transformations to John- 
son's system for B, V and I (B ~ Bab + 0.17, V ~ Vab 
and / ~ Iab — 0.48) we derive R ~ Rab — 0.25 using 
the F-type sub dwarfs tabulated by Oke & Gunn (1983) 
together with Johnson's (1966) colors. 



3.4- Summary 

For the first time an attempt was made to compile all the 
currently available observational data on optically identi- 
fied QSO absorber systems. Our main goals are: 

• We would like to establish the status quo of absorber 
galaxy data as a basis for further completion of the 
sample. 

• We want to demonstrate the usefulness of this sam- 
ple for the comparison with evolutionary models for 
galaxies. In particular, we study the Hubble diagram 
for our models together with observational data from 
this sample. 

Some important properties of a sample of optically iden- 
tified QSO absorber galaxies should be repeated here: 
o Because selection is done with respect to gas absorp- 
tion cross section (cf. Steidel, 1993) this sample is 
almost unbiased with respect to luminosity, surface 
brightness, radio emission, etc. 
o The search for QSO absorbers provides optical data 
on a large number of normal galaxies at high rcdshift. 
Usually the number of galaxies found is higher than 
the number of absorbers searched for, i.e. neighboring 
objects or galaxies at somewhat lower or higher red- 
shift are found in the same field. Their observed prop- 
erties are almost as valuable as the "true" absorbers 
for the study of evolutionary effects in galaxies and for 
possible constraints on cosmological parameters. 

However, the compilation of our sample from different 
sources is connected with some problems: 

★ Inhomogcneity of data, e.g. various authors give appar- 
ent magnitudes in different passbands and use different 
photometric systems. 

* Detailed information on the photometric system (fil- 
ters and calibrations) is often very difficult to retrieve. 

★ From most sources apparent magnitudes are available 
in one passband only, i.e. no color information is avail- 
able. 

We hope that this pilot study will help continue observa- 
tions to not only identify absorbers but also provide as 
much information (colors) as possible for a more detailed 
comparison with galaxy evolution models. 



4. Comparison with models 

In this Section we compare the data from published obser- 
vations described in §3 with the results from our galaxy 
evolution models described in §2 using a standard set of 
cosmological parameters (H = 50 km s _1 Mpc -1 , fio = 1 
and A = 0). 

Because of the inhomogeneity and scarcity of published 
data (as discussed in §3) we restrict our comparison with 
galaxy evolution models to apparent magnitudes R(z), r(z) 
and g(z) and colors (g-r)(z). 



various publications are distinguished by ditterent symbols, i Hied symbols indicate spectroscopicauy confirmed redsnilt data 
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4.1. General presentation and results 

In Figure 2 we present data on apparent red magnitudes 
in the Johnson R band as a function of redshift z. Data in 
the Thuan & Gunn r band have been transformed accord- 
ing to R = r — 0.4 as discussed in §2.2. The whole data set 
presented was taken from 14 different sources. Data points 
from each publication are marked with different symbols 
and the numbers in the legend correspond to the refer- 
ences listed in Table 1. Data from papers 1), 6) and 17) 
do not appear in Figure 2. All observations reported in 
1) (Lanzetta & Bowen 1990) are covered by later publica- 
tions, predominantly by Bergeron & Boisse (1991). Nelson 
& Malkan (1992) - paper number 6) - and Steidel et al. 
(1994b) - paper number 17) - did not publish any r or R 
magnitudes. 

According to our two "reliability classes" introduced in 
§3.2., filled symbols correspond to galaxies with spectro- 
scopically confirmed redshifts and open symbols denote 
less reliable absorber candidates. Some galaxies turned out 
to be not the absorber after spectroscopy had been per- 
formed. Thus as a third class of objects we have to consider 
spectroscopically confirmed non-absorber galaxies. They 
are marked with an "bold open symbol" in Figures 2 and 4. 

The results from our evolutionary spectral synthesis 
code are presented, too. Figure 2 shows 6 curves for various 
spectroscopic galaxy types E, SO, Sa, Sb, Sc and Sd, as 
characterized by their respective star formation laws (see 
§2.1.). 

An important result immediately seen from Figure 2 
is that virtually all observational data points are lying 
between the curves for E- and Sd-models. Taking into ac- 
count the luminosity ranges of the various galaxy types 
(2<tr bars in the lower right corner of Figure 2) as derived 
from their respective luminosity functions we can state 
that all data are bordered by our model curves for E- 
and Sd-galaxies and accordingly we can establish global 
conformity between our galaxy evolution models and ob- 
servational data. 

Apparent g-magnitudes g(z) from two references along 
with the respective model calculations for the same stan- 
dard set of cosmological parameters are presented in Fig- 
ure 3 a). This representation of the Hubble diagram con- 
firms our results for r- and R-magnitudes. Nearly all g- 
magnitudes lie in the region confined by our E- and Sd- 
curves, however, the number of data points is much smaller 
than in Figure 2. Some absorber candidates from Nelson & 
Malkan (1992) (cf. reference 6) in Table 1) marked as open 
circles in Figure 3 a) seem to be brighter than our E-curve 
even when the intrinsic luminosity scatter (indicated by 
the bar at the E-curve) is taken into account. However, 
redshifts of these objects are not measured spectroscop- 
ically but inferred from the assumption that they are at 



the redshift of the QSO absorption system. If spectroscopy 
would not confirm the high redshifts of these objects but 
instead place them at lower redshift, they might come to 
lie within the range of our models. We note that all g(z) 
data with spectroscopically measured redshifts are instead 
bracketed by our models. 

Observational data on apparent magnitudes in other 
passbands (e.g. i, V) yield similar results but are not dis- 
cussed any further here because of the small number of 
data points available. 

In Figure 3 b) (g-r) color evolution is presented with 
data from the same references as in Figure 3 a) because 
they provide the most comprehensive set of color data 
available so far (cf. Table 1). In both figures numbers are 
assigned to the data points to identify each individual ab- 
sorber galaxy for further discussion. 

(g-r) colors of all our model galaxies (E through Sd) 
get redder by about the same amount towards higher red- 
shift until z ~ 0.5 and bluer thereafter. The reason for 
this behavior is that for z < 0.5 the cosmological correc- 
tion k\(z) dominates the evolutionary correction e\(z) for 
E-galaxies while for z > 0.5 the contrary is true. For the 
Sd-model with its SF rate being constant in time, e\(z) 
is always very small. k\(z) (hereafter k g ) for the g band 
increases by ~ 0.7 mag from z ~ to z ~ 0.4 with k r 
(k\(z) for the r band) still remaining negligible. This ex- 
plains the reddening of Sd galaxies for z going from to 
~ 0.4. Between z ~ 0.6 and 0.8, k r increases to ~ 0.6 with 
kg remaining close to its z ~ 0.4 value. This accounts for 
the bluing of (g-r) for z > 0.4. 

Colors are more useful than luminosities for the com- 
parison of models with observations, especially if they 
cover a long wavelength range, and thus, in particular, 
more color data would be desirable. 

4-2. Evidence for late type absorber galaxies 

Figure 2 suggests that all spectral types of galaxies from E 
through Sb and possibly all through Sd are present within 
the sample of optically identified absorber galaxies. Most 
of the absorber galaxies appear to be early through inter- 
mediate type spiral types (Sa-Sbc) but many ellipticals 
and late spirals seem to be present, too. For instance two 
absorber candidate objects from Yanny et al. (1990) (ref- 
erence 2) in Table 1 and small circles in Figure 2) fall very 
close to the Sd-curve. 

Figure 3 a) which shows g-magnitudes for the same 
models as Figure 2 reveals one spectroscopically confirmed 
object (number 3 in Figure 3 a)) fairly close to the Sd- 
curve but the color of this object in Figure 3 b) rather 
suggests an early spiral type. 

Roughly, from the g(z) - diagram in Figure 3 a) we 
would tend to attribute an early type to objects 2 and 6, 
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redshift z redshift z 

Fig. 3. a) Comparison of observed g(z) data with galaxy evolution models. Hubble types and references of observations are 
indicated in the legend, b) (g-r) colors for the same references and models as in a). All redshifts for (g-r)(z) data points 
{?i^i*n<^rfip<aiisbrl23f fetarT&titenal) d^sfrtfltrearcjpteiiy <e^iktofxini]&4£fc ]Mnfilfta<eigiY^rt^3gi€ia4 pssamWfcinpkirtt^hfiffi)^ 
tatK«t>if^*j£<}tskfarfur^ 1), and c) (1,0.1). For (0.5, 1) we refer to Figure 2. Note that the data 

points are always the same. 



an intermediate type to objects 4, 5, 7, 8, 10 and 11 and 
a late type to object 3. 

From the color-rcdshift diagram (g-r)(z) in Figure 3 b) 
we would confirm the early type object classification of 
objects 2 and 6 and the intermediate type classification 
of objects 4 and 5. However, object 8 is too red to be 
consistent with our luminosity - based type classification, 
and objects 11 and 13 are much too blue. For object 10 
no r-magnitude and thus no (g-r) color is available. 

A more detailed investigation of the individual objects 
is required to decide about the nature of those few objects 
which are either too blue or too red to be explained by 
our model curves. Our models describe average spectral 
types of normal isolated galaxies and are not capable to 
explain these peculiar objects. Additional reddening might 
be explained by internal dust and the very blue colors 
could be due to a burst of star formation perhaps in the 
course of galaxy interaction or the presence of an AGN. 

As a word of caution it should be mentioned that even 
a galaxy with a redshift z ga i « z a b s cannot be proven to be 
the actual absorber, there can always be a fainter source 
with still closer projected distance to the quasar that is 
not detected. However, as long as those - probably very 



few - objects in Figure 2 and 3 that are not the physical 
absorbers, do not have systematically different luminosi- 
ties and colors from the real absorbers, our conclusions 
remain valid. 

The presence of intermediate and late type galaxies 
among QSO absorbers is to some degree unexpected and 
has far-reaching consequences. The first Mgll-absorbers 
that had been optically identified by Bergeron & Boisse 
(1991) were ^L* galaxies with luminosities brighter than 
those of intermediate/late type galaxies. 

The presence of intermediate and late spectral types 
among QSO absorbers, if confirmed by future observa- 
tions, would imply that at least an important fraction, if 
not all, of these galaxies do have extended gaseous halos 
with Mg- and C-column densities high enough to cause 
absorption stronger than the lower limit equivalent width 
for the detection of an absorption feature. Detailed inves- 
tigation of individual objects - both from a chemical and 
from a spectroscopical point of view - promise interest- 
ing results for masses and extensions of halos (as derived 
from impact parameters), dark matter content of galaxies 
and chemical evolution scenarios. These objects will be an 
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exciting target for HST imaging as well as a challenge for 
chemical and dynamical evolution models. 

Unfortunately, almost no information about spectral 
or morphological types is as yet available for the optically 
identified QSO absorbers. Figure 2 can be understood as 
to predict - within the uncertainties given by the partly 
overlapping luminosity ranges of the different galaxy types 
- the spectral types of individual absorbers. These pre- 
dictions can directly be tested by spectral observations, 
which, however, for these faint objects, requires longer in- 
tegration times than those generally applied to just obtain 
a redshift. 

If the direct relation between spectral and morphologi- 
cal type observed for nearby galaxies would extend to high 
redshifts, then Figure 2 could be used to predict morpho- 
logical types for individual absorbers. Deep HST imaging 
should allow to assess this interesting question for red- 
shifts up to z ~ 0.5. 

Interestingly, Dickinson (1995) reports recent HST ob- 
servations of the z = 0.44 absorber in front of 4C06.41 
which directly reveal a spiral morphology. This observa- 
tion is part of a large optical identification project of Mgll 
absorbers which may reveal more such exciting results in 
the near future. Further evidence for extensive dark halos 
around two nearby (z = 0.092 and 0.075) low-luminosity 
spiral galaxies inferred from QSO absorption line studies 
was reported by Barcons et al. (1995). However, data are 
still scarce and this conclusion remains to be confirmed by 
future observations. 

4-3. Discussion of cosmological parameters 

Our galaxy evolution models enable us to study the in- 
fluence of different parameters (Ho, fl ) in the standard 
Friedmann-Lemaitre cosmology. We consider four differ- 
ent parameter combinations (h, CIq) of the Hubble con- 
stant (H = 100 h km s -1 Mpc -1 ) and the density pa- 
rameter ri m the Hubble-diagram for red apparent mag- 
nitudes R(z). 

(h, Q ) = (0.5, 1) is already shown in Figure 2 and the 
parameter combinations (0.5, 0.1), (1, 1) and (1, 0.1) are 
presented in Figure 4 panels a) to c). Only our E-, Sa- 
and Sd-models are depicted for clarity. 

In the case of Ho = 50 km s _1 Mpc -1 and f^o = 0.1 
(Figure 4 a)) a large number of galaxies are by up to two 
magnitudes brighter than the E-galaxies in our model. 
In other words, calculations with this cosmological model 
result in galaxies much too faint as compared with the 
observations. Thus, the combination of H = 50 km s _1 
Mpc" 1 with a low cosmological density parameter £! = 
0.1 cannot be reconciled with the data. 

Not for ellipticals but for spectral types SO and later, 
gaseous emission and internal extinction do affect ob- 
served magnitudes. These effects are not included in our 
models but have been studied by Guiderdoni & Rocca- 
Volmerange (1988). They find that over a range in redshift 



z = ... 2 and in wavelength from V through I nebular 
emission does at most brighten a galaxy by 0.1 mag, while 
internal extinction can significantly dim early spiral types 
(e.g. by ~ 0.5 mag in V and ~ 0.4 mag in R for SO's 
at z ~ 1.6 cf. Guiderdoni & Rocca-Volmerange (1988), 
seen at random orientation and less for later spectral types 
and/or different redshifts). 

Figure 4 b) and c) show similar comparisons in the 
case of H = 100 km s -1 Mpc -1 . In both cases, = 
1 and £lo = 0.1, the observations fall fairly well within 
the envelopes given by the model E- and Sd-galaxies, i.e. 
in combination with a high value for H both high and 
low density parameters seem to be compatible with the 
data. In a later investigation with more data on colors 
available we hope to be able to put further constraints on 
cosmological parameters. 

The difference in luminosity evolution between high 
and low cosmological density which we find in our models 
for early type galaxies is larger than the one reported in 
earlier work by Guiderdoni & Rocca-Volmerange (1987) 
and others using Bruzual's models (e.g. Spinrad & Djor- 
govski, 1987). For instance at a redshift of 2, our low £1 
E-model predicts wir ~ 24.3 while for f2o = 1 we find 
rriR ~ 21.3. This large difference is due to the fact, that 
we use more recent stellar evolutionary tracks from the 
Geneva group. Interestingly, our results agree quite well 
with those of Bressan et al. (1994) who use a recent set of 
stellar tracks from the Padova group, reflecting the fact, 
that over the last years, these independent approaches of 
stellar evolutionary modeling have converged to large ex- 
tent. Most important changes have occured for low-mass 
stars, explaining why towards later spectral types the dif- 
ferences to earlier models get much smaller. 

The Sd model with its constant SF rate only shows lit- 
tle evolution, the cosmological corrections, too, are small, 
and both largely compensate for each other. Thus, the 
magnitude difference between models for £! = 1 and 
f2o = 0.1 is dominated by the difference of the bolometric 
distance module for both cases. 

For illustrative purposes we chose to present here the 
extreme values Ho = 50 km s _1 Mpc -1 and Ho = 100 
km s _1 Mpc -1 discussed today. We have, of course, ex- 
amined a large variety of combinations of parameters Ho , 
flo and Zf orm . At this preliminary stage, we only briefly 
want to state that for H = 75 km s _1 Mpc -1 a density 
parameter as low as £l — 0.1 seems to be excluded by the 
data, fio = 0.5 is marginally allowed, provided that the 
absorber at z ~ 1 (cf. Figures 2 & 4) and the candidates 
at z 1.67 and z « 1.79 are all from the high luminosity 
tail of the elliptical galaxy luminosity function. Density 
parameters fio > 0.5 to flo — 1 are easily compatible with 
all available data. 

We have also studied models with a Salpeter-IMF and 
find that this would not alter our conclusions concerning 
cosmological parameters. It does make galaxies brighter 
by a constant value of ~ 1 mag both in V and R over all 
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times from 2 through 16 Gyr without changing the col- 
ors. As galaxies at their present age - as given by (H , 
^0) z form) _ are normalized to mean Virgo luminosities 
this constant brightening drops out over the whole red- 
shift range from z = ... 2. Only if the IMF would be 
allowed to significantly change with time, it might change 
our conclusions. 



5. Discussion 

5.1. Problems with observational data 

The compilation of apparent magnitude and color data as 
a function of redshift for optically identified QSO absorber 
galaxies is rendered more difficult by two main problems. 

First, various authors use different photometric 
systems and do not always give all the information 
on filters and calibrations necessary for our attempt 
to compile data from various investigators into one large 
comprehensive data base. This makes it difficult to com- 
pare data from different publications with our results from 
galaxy evolution models. As a first approach we use rough 
transformations between different photometric systems as 
discussed in §3.. Because most of the present data are 
given in the Johnson or Thuan & Gunn filters we restricted 
our comparison to these two photometric systems, but we 
stress, that in principle, apparent magnitudes can easily 
be calculated from model spectra for any photometric sys- 
tem if the filter functions are known as discussed in §2. 
This will be done in future projects intended to study in- 
dividual objects in detail where more accurate data will 
be necessary. 

The second main problem concerns the determina- 
tion of redshifts if no spectroscopic data are avail- 
able. Thus in §3.2., we divided the redshift data in two 
"reliability classes" (spectroscopically confirmed and can- 
didates). Objects with spectroscopic redshifts, however, 
do seem to show the same distribution in our Hubble di- 
agrams for R and g as those for which the redshifts were 
only estimated. In many cases the absorber galaxy can- 
not be clearly identified, i.e. several "possible candidates" 
are discussed because more than one galaxy is close to 
the QSO sight line. In these cases more than one absorber 
candidate is given for some particular redshift and the real 
physical absorber cannot be identified. In these cases we 
include several candidates in Figure 2, 3a) and 4 (symbols 
with exactly the same z value) to see if any of them lie out- 
side the ranges of our model curves. It seems improbable 
that the "true absorbers" should deviate systematically in 
luminosity or color from those galaxies that do not cause 
the absorption but lie close to the absorber both in red- 
shift and projected separation. Another possibility is that 
more than one galaxy contributes to the absorption sys- 
tem, i.e. there is a group or cluster of galaxies. 



5.2. Groups and clusters of galaxies 

The number of spectroscopically measured galaxy red- 
shifts does not need to be equal to the number of confirmed 
optically identified QSO absorbers. On the one hand, the 
redshifts z a b s and z ga i may be different indicating that 
the respective galaxy cannot be the absorber (open bold 
symbols in Figure 2) . On the other hand, there may be 
more than one spectroscopically investigated galaxy with 
a redshift z ga i w z a b s . The latter case indicates a group or 
the outskirts of a cluster of galaxies, whereas either only 
one galaxy, probably the closest to the line of sight, or 
the halos from the members of a group or cluster may be 
responsible for the absorption system. 

For instance, in Figure 3 a) objects 1 to 4 from Spin- 
rad et al. 1993 (reference 12 in Table 1) nearly have the 
same (spectroscopically measured !) redshift z f=s 0.17 and 
thus seem to be members of a small group or part of a 
cluster. However, no answer can be given to the question, 
which galaxy (or galaxies) from this group actually causes 
the absorption lines. This might even affect our tentative 
identification of an Sd galaxy absorber (object 3 in Fig- 
ure 3 a)). 

6. Future prospects 

The purpose of this study was to compile a comprehen- 
sive sample of galaxies detected in various attempts to 
optically identify QSO absorbers and to compare them 
to our galaxy evolution models. In this first approach we 
studied Hubble diagrams for apparent magnitudes R and 
g as well as color vs. redshift relations using all galaxies 
found, i.e. confirmed absorbers as well as candidates. 

In further studies, we intend to investigate the ex- 
tension and chemical composition of galaxy halos for se- 
lected individual objects in more detail together with spec- 
trophotometric properties. Data on impact parameters 
and rest-frame equivalent widths are already available for 
most published objects. 

Furthermore our evolutionary spectral synthesis code 
can be extended for comparison with observations in the 
K band using new stellar spectral libraries. Additionally, 
our models can be calculated for different metallicities, 
especially subsolar ones that may be better suited for late 
type galaxies at high redshift in an attempt to consistently 
understand chemical abundances of the halo gas as well 
as the spectrophotometric appearance of the visible part 
of the galaxies. 

7. Conclusions 

Optically identified QSO absorption systems as well as 
non-absorbing galaxies serendipitously detected in these 
deep fields provide a nearly unbiased sample of field galax- 
ies with high redshifts. A comprehensive set of data on 
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those galaxies has been compiled from the literature and 
is compared with results of our galaxy evolution models. 

• This is the first attempt to put together a compilation 
of all observational data currently available on opti- 
cally identified QSO absorption systems. Care is taken 
to compare observations made in different filter sys- 
tems to establish a basis for future applications and 
further completion of the sample. 

• For a standard cosmological model (Ho = 50 km s _1 
Mpc~ , Qq = 1, Ao = 0) and a redshift of galaxy 
formation Zf orm = 5, we find good agreement between 
our galaxy evolution models and observed apparent 
magnitudes and colors over a large redshift range (0 < 
z < 2). 

• All spectroscopic galaxy types seem to be present in 
the sample of absorber galaxies with the bulk of the 
absorbers being of early and intermediate spiral types. 
However, even late type spirals seem to cause absorp- 
tion lines in QSO spectra. The correspondence between 
spectral and morphological galaxy types at high red- 
shift remains to be investigated, though first observa- 
tions at z ~ 0.5 seem to favor it. 

• If confirmed, the fact that intermediate and late type 
galaxies also cause absorption in QSO spectra has far- 
reaching consequences for the sizes and chemical en- 
richment of their halos and for the dark matter con- 
tent. 

• A combination of cosmological parameters Ho = 50 
km s _1 Mpc -1 and fl = 0.1 can be excluded from a 
comparison of the data with our models. For a Hubble 
constant H = 100 km s _1 Mpc -1 , both high and low 
density parameters fio = 1 an( l = 0.1 might be 
admitted by the data. 

• Colors of optically identified absorber galaxies are very 
scarce and, thus, do not allow for any further con- 
clusions. More data in two or more passbands 
are needed for further detailed studies of cosmological 
models. 

We caution again that the results presented here depend 
on our adopted models and on the input physics used. 
Both might be better constrained in the near future. 
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Appendix : Notes on individual publications 

In the following we briefly comment on each paper from 
which we have compiled data. Numbers of sub-subsections 
( 1) ... 17) ) correspond to the identification number (id. 



no.) in Table 1 and Figures 2 - 4 as well. In particular we 
discuss some points which are important to our purposes. 

1) Lanzetta & Bowen 1990 

In their paper entitled Intermediate redshift galaxy halos: 
Results from QSO absorption lines K.M. Lanzetta and D. 
Bowen list optically identified Mgll absorption systems in 
their TABLE 1 for the purpose to study correlations be- 
tween equivalent widths of Mgll absorption lines and im- 
pact parameters. We assume that TABLE 1 in this paper 
contains all data on optically identified (Mgll) absorption 
systems available up to this time and thus we take it as 
the starting point for our search for further data in the 
literature until now. All m r (z) data listed in TABLE 1 
are reported also in later papers and we took them from 
these more topical sources. 

2) Yanny et al. 1990 

In their paper entitled Emission-line objects near QSO 
absorbers. I. Narrow-band imaging and candidate list B. 
Yanny, D.G. York and T.B. Williams report on a search 
for emission-line objects (predominantly from [Oil]) in the 
environment of 8 QSOs with previously known associated 
Mgll absorber systems using narrow-band imaging. Data 
for 37 objects are given but in 14 out of the 37 cases only 
lower limits for R magnitudes could be derived from the 
detection limit. 

In a subsequent study (Yanny 1990) 8 of the 37 ab- 
sorber candidates in 4 QSO fields have been investigated 
using long-slit spectroscopy confirming their incidence 
with the absorber redshifts (0.4 < z a b s < 0.7). It turns out 
that all 8 spectroscopically studied objects are absorbers, 

I.e. Zg a i = Z a b s - 

3) Bergeron & Boisse 1991 

In their paper entitled A sample of galaxies giving rise to 
Mgll quasar absorption systems J. Bergeron and P. Boisse 
present imaging and spectroscopic observations aimed at 
detecting intervening galaxies responsible for low redshift 
(z ~ 0.5) Mgll absorption line systems in quasar spectra. 
This paper represents a pioneering study on optical iden- 
tifications of absorber systems confirming the intervening 
galaxy hypothesis. 14 confirmed identifications, 4 candi- 
dates and 3 "negative cases", i.e. galaxies closest to the 
QSO line of sight but without any absorption system at 
galaxy redshift are presented. The authors give luminosi- 
ties of galaxies as well as sizes and shapes of the absorbing 
regions. 

We include the 14 spectroscopically confirmed ab- 
sorber galaxies and 4 candidates in Figure 2 and 4. The 
three "negative cases" from their Table 6 are included as 
"candidates" as well. 

4) Bechtold & Ellingson 1992 

In their paper entitled Mgll absorption by previously 
known galaxies at z w 0.5 J. Bechtold and E. Ellingson 
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report on an investigation of 9 QSO spectra using the 
Multiple Mirror Telescope to search for Mgll absorption 
from intervening galaxies. This is the reverse procedure: 
galaxies and their redshifts (0.2 < z < 0.7) are known 
from previous studies of the QSO environment and now, 
the possible absorption systems are searched for. These 
data are as useful to us as those from studies aimed to 
find intervening galaxies near QSOs with absorption line 
systems. 

It should be noted that a considerable fraction of the 
data comes from galaxies in high density environment, i.e. 
galaxy clusters. This is reflected by the fact that many red- 
shift values are close each other. In the cases where z gal 
z qso is n °t confirmed by spectroscopy a physical influ- 
ence on the galaxies from the quasar cannot be excluded. 

In their TABLE 4, the authors give r(z) data for 21 
galaxies in the environment of 9 quasars. Photometric 
data are taken from Green & Yee (1984), Yee, Green & 
Stockman (1986), and unpublished images from Yee. Spec- 
troscopy is from Ellingson, Green & Yee (1991) and Elling- 
son & Yee (1992). Only two Mgll absorption-line systems 
are identified with corresponding galaxy redshifts. Con- 
sequently most of the r(z) data from this paper do not 
belong to optically identified QSO absorbers and conse- 
quently they are not included to our compilation. 

In TABLE 5 of their paper the authors list previously 
known identified absorber galaxies (most from Bergeron 
& Boisse 1991) and some new candidates. The latter ones 
are included in our compilation. 

5) Bergeron et al. 1992 

In their paper entitled Discovery of z <~ 1 galaxies caus- 
ing quasar absorption lines J. Bergeron, S. Christiani and 
P.A. Shaver report on the first identification of intervening 
galaxies responsible for four Mgll absorption-line systems 
at redshifts of about 1 in two QSO fields. There are three 
candidates in each field assumed to be responsible for the 
Mgll doublets in the QSO spectra. Five galaxy redshifts 
have been measured showing incidence with three of the 
four absorption line redshifts. Two galaxies are not at any 
absorber redshift and one galaxy without measured red- 
shift is assumed to be at the remaining absorption redshift. 
The two confirmed non-absorbers are marked with open 
bold line symbols in Figure 2. 

6) Nelson & Malkan 1992 

In their paper entitled A photometric search for [Oil] 
lines in Mgll quasar absorption systems B.O. Nelson and 
M.A. Malkan report on results obtained by narrow- and 
broad-band photometry of 336 objects near the line of 
sight to 22 quasars showing Mgll absorption lines in their 
spectra. The attention is focused to [Oil] emission-line 
objects which are claimed to undergo enhanced star for- 
mation and these galaxies are searched for using narrow- 
band photometry. Gunn g magnitudes for 52 objects are 



given in their TABLE 4. The corresponding absorber red- 
shift can be derived from their list of observed QSO fields 
in TABLE 1. Some quasars have not been imaged in the 
Gunn g bandpass but e.g in "Spinrad Red". These data 
are not included and finally 43 g magnitudes remain in 
our compilation. 

In 6 cases redshifts of identified galaxies had previ- 
ously been measured spectroscopically by other authors 
(Bergeron & Boisse 1991, Bergeron et al. 1988, Christiani 
1987, Miller et al. 1987, see also references in TABLE 4 
of Nelson & Malkan). In most other cases (without spec- 
troscopy) more than one candidate is given for each ab- 
sorber redshift. They are all included in our compilation. 
In five cases we are able to adopt r magnitudes from the 
papers mentioned to derive (g-r) colors. These colors are 
used in Figure 3b. 

7) Steidel & Dickinson 1992 

In their paper entitled The unusual field of the quasar 
3C 336: Identification of three foreground Mgll absorb- 
ing galaxies C.C. Steidel and M. Dickinson present imag- 
ing and spectroscopic observations of the field of 3C 336 
(z cm = 0.927) which reveals at least 3 Mgll absorp- 
tion systems with z a b s < z cnl . Data for 6 galaxies with 
spectroscopically measured redshifts and TZ (A = 6930, 
AA = 1500), g (A = 4900 and AA = 700) and i (A = 8000 
and AA = 1450) AB magnitudes are given in their TABLE 
1. 3 galaxies seem to be the absorbing galaxies. 3 further 
objects with z ga i =^ z a b s are marked with open bold line 
symbols in Figure 2 and 4 as usual. 

In this paper Steidel & Dickinson give apparent AB- 
magnitudes TZab (6930/1500) together with (g—lZ) ab and 
(TZ— i)ab colors. Because we restrict our comparison of 
observations with models to Thuan & Gunn and Johnson 
bandpasses as discussed in §2.2 we cannot take the AB 
colors from Steidel & Dickinson (1992) into consideration. 

8) Steidel & Hamilton 1992 

In their paper entitled Deep imaging of high redshift QSO 
fields below the Lyman limit. I. The field of Q0000-263 and 
galaxies at z = 3.4 C.C. Steidel and D. Hamilton present 
results for the first field completed in a new survey involv- 
ing very deep imaging of the fields of high redshift quasars 
with optically thick Lyman limit absorption systems. In 
their TABLE 1 the authors list U ni G and TZ magnitudes 
for 33 objects within 30" of Q0000-263 (z cm = 4.106). 
The moderately under-luminous galaxy at z — 0.438 was 
previously suggested to be at z = 3.408 (Turnshck et al. 
1991), but now Steidel & Hamilton suggest that the line 
previously identified as Lyman a is probably [Oil]. The 
z = 0.438 and TZ — 22.5 galaxy is added to our list and 
is an interesting case for a late type absorber. Another 
galaxy is assumed to be a candidate for the DLA system 
at z — 3.39. 

9) Yanny & York 1992 
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In their paper entitled Emission-line objects near Quasi- 
stellar object absorbers. III. Clustering and colors of 
moderate-redshift Hll regions B. Yanny and D.G. York 
report on three deep narrow-band images corresponding 
to [Oil] at the redshift of known QSO absorption-line sys- 
tems which show evidence for enhanced star formation 
occurring in groups of giant Hll regions spread over 100 
- 300 /i _1 kpc. This paper extends their earlier investiga- 
tion (Yanny et al. 1990, cf. 3) ). For the three QSOs under 
study the authors list all galaxies in the field. From these 
tables we picked up 7 absorber candidates as suggested by 
the authors. 

10) Drinkwater et al. 1993 

In their paper entitled On the nature of Mgll absorption 
line systems in quasars M.J. Drinkwater, R.L. Webster 
and P.A. Thomas present the results of a large R-band 
imaging survey of 71 bright (m v < 18) quasars reveal- 
ing Mgll absorption lines in their spectra. For 21 QSO 
fields possible absorber candidates are found, however, 
no galaxy redshifts have been measured. A statistical ap- 
proach is used to identify galaxies likely to be associated 
with the absorption systems. In TABLE 5 and 7 of their 
paper the authors give z a b s and R magnitudes for possible 
absorber candidates. For some galaxies two possible z a b s 
are given. 

11) Le Brun et al. 1993 

In their paper entitled A deep imaging survey of fields 
around quasars with z < 1.2 Mgll absorption systems V. 
Lc Brun, J. Bergeron, P. Boisse and C. Christian report on 
an imaging survey of 12 fields around quasars with 17 Mgll 
absorption systems in the r band at the CFH telescope. 
They give a list (Table 3. in their paper) of altogether 19 
absorber candidates with 6 galaxy redshifts being spectro- 
scopically confirmed. It turned out that two of them arc 
not absorber galaxies (z ga i ^ z a b s ). The authors emphasize 
that some of the candidates are rather uncertain. 

12) Spinrad et al. 1993 

In their paper entitled Hydrogen and metal absorption 
lines in PKS04-05-123 from the halos of low redshift galax- 
ies}!. Spinrad, A.V. Filippcnko, H.K.C. Yee, E. Ellingson, 
J.C. Blades, J.N. Bahcall, B.T. Jannuzi, J. Bechtold and 
A. Dobrzycki report on HST ultraviolet and ground-based 
optical spectra of the bright quasar PKS 0405-123 which 
has two absorption-line systems. Spectroscopically mea- 
sured redshifts and Gunn g and r magnitudes are given for 
9 galaxies. One redshift is very uncertain. The values of 
galaxy redshifts are grouped near two different absorber 
redshifts (z\ = 0.1670 and z 2 = 0.3516) indicating small 
groups of galaxies or outskirts of clusters of galaxies. 

In the z 2 system only Lya absorption is observed 
whereas in the z\ system metal lines (ClV and probably 
Mgll) are detected as well. 



The authors give r-magnitudes and (g-r) colors (Thuan 
& Gunn (1976) g and r) in their TABLE 1 and thus g- 
magnitudes can be derived. 

13) Steidel et al. 1993 

In their paper entitled A dwarf galaxy near the sight line 
to PKS 0454 + 0356: A fading "faint blue galaxy"? C.C. 
Steidel, M. Dickinson and D.V. Bowen report on the dis- 
covery of a dwarf galaxy at z — 0.072 which is only 4" 
in projection from the line of sight to the quasar . For- 
tuitously the spectrum of a second galaxy was recorded 
simultaneously from several moderately strong emission 
lines revealing z « 0.2. Here we are not interested in dwarf 
galaxies and therefore only data from the latter object are 
included in our compilation. By now no appropriate ab- 
sorption lines are found in the QSO spectrum. Future ob- 
servations (using HST) in search of Mgll resonance lines 
would be very meaningful for the study of the gas associ- 
ated with an intrinsically faint, star-forming dwarf galaxy. 

14) Aragon- Salamanca et al. 1994 

In their paper entitled The nature of distant galaxies pro- 
ducing multiple ClV absorption lines in the spectra ofhigh- 
redshift quasars A. Aragon-Salamanca, R.S. Ellis, J.-M. 
Schwartzenberg and J. Bergeron demonstrate that lumi- 
nous L* galaxies up to z ~ 2 which cause ClV absorption 
in the spectra of quasars can be detected by deep infrared 
(K band) imaging. 

The authors use a statistical approach to identify the 
absorbers from photometry alone because at these faint 
limits spectroscopy is very difficult. A sample of 11 QSOs 
with clustered ClV absorption line systems is investigated. 
In some cases, several suitable complexes at different z a b s 
are present within a single QSO spectrum. As the red- 
shift of possible absorbers we take from their TABLE 1 
the mean values (z^J) weighted by the appropriate rest- 
frame equivalent width for each system. 

A subset of the QSO fields has also been imaged in R 
and I. Thus, 19 K magnitudes and 9 (R — K) colors are 
given in TABLE 2 of the paper. From these data we ob- 
tain R magnitudes as a function of redshift for 9 absorber 
candidates. 

15) Ellingson et al. 1994 

In their paper entitled Metal-line absorption at z a b s ~ z cm 
from associated galaxies E. Ellingson, H.K.C. Yee, J. Bech- 
told and A. Dobrzycki report on deep optical imaging 
and limited spectroscopy of 10 fields around quasars with 
0.15 < z cm < 0.65 revealing ClV absorption predomi- 
nantly at the emission redshift of the QSO. The aim of 
their investigation is not the optical identification of ab- 
sorber systems but the study of the interaction of quasars 
with galaxies from the surrounding clusters. Some of their 
data, compiled in TABLE 2. are also useful to our pur- 
poses. We select 7 candidates from their list, one galaxy 
with spectroscopically confirmed redshift. 
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We want to caution that the rich cluster environment 
and the proximity to the quasars might be influential on 
the evolution of these galaxies. 

16) Steidel et al. 1994a 

In their paper entitled The z = 0.8596 damped lyman 
alpha absorbing galaxy toward PKS 0454+0356 C.C. Stei- 
del, D.V. Bowen, J.C. Blades and M. Dickinson present 
HST and ground-based data on a new DLA system at 
z abs = 0.8596 along the line of sight to PKS 0454+0356. 
Optical images were obtained as part of a large survey for 
galaxies producing Mgll absorption line systems, includ- 
ing a very deep 1Z (6930/1500) image from which we take 
the 1Z magnitude as a function of redshift for this galaxy. 
The authors only gave a faint limit (K > 20.5) for the K 
magnitude. 

17) Steidel et al. 1994b 

In their paper entitled Imaging of two damped lyman 
alpha absorbers at intermediate redshift C.C. Steidel, M. 
Pcttini, M. Dickinson and S.E. Persson report on observ- 
ing the fields of the QSOs 3C 286 and PKS 1229-021 in 
the I and K s bands. Under good seeing conditions they 
resolve faint galaxy images close to the QSO sight-lines. 
We adopt I and K magnitudes as a function of redshift for 
three absorber candidates from this paper. 
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